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REPORTS 
Dermatitis Herpetiformis: Biochemical Properties of the Granular 
Deposits of lgA in Papillary Dermis. Characterization of SDS-Soluble 
lgA-like Material and Potentially Antigen-Binding lgA Fragments 
Released by Pepsin* 
TORBJORN EGELRUD, M.D. AND 0VE BACK, M.D. 
Department of Dermatology, University Hospital, Umea, Sweden 
Granular deposits of lgA in radioactively labeled thin 
slices of papillary dermis from 4-mm punch biopsies of 
clinically normal skin from patients with dermatitis 
herpetiformis were solubilized with sodium dodecyl sul-
fate (SDS) or peptic digestion at pH 4.5. Solubilized lgA-
like material was isolated by immunoprecipitation and 
analyzed by electrophoresis in one and two dimensions 
in polyacrylamide gels containing SDS followed by au-
toradiography. 
SDS extracts contained lgA-like components corre-
sponding to monomers, dimers, as well as higher poly-
mers of lgA. A fraction of the SDS-soluble material 
behaved like lgA upon immunoprecipitation but could 
not be deaggregated to a- and light chains by reduction 
and alkylation, suggesting that it was present as irre-
versible aggregates with itself or with other proteins. 
Peptic digestion at pH 4.5 released fragments which 
were precipitated by antibodies to human a-chains and 
had molecular weights similar to the proteolytic frag-
ments corresponding to F(ab)z and Fab formed by peptic 
digestion of human monomeric lgA under the same con-
ditions. 
In hypotheses concerning t he pathogenesis of dermatitis 
herpetiformis (DH) and its relationship with the associated 
gluten-induced enteropathy, the granular deposits of immuno-
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globulin A (IgA) in papillary dermis of clinically normal skin 
have played a central role (for a review, see [1]). Chemical and 
immunochemical data on these deposits have, however, been 
lacking. T his has been at least partly due to obstacles besett ing 
t he experimental work, in the form of scarcity of material 
available and difficulties in obtaining the deposited lgA in a 
soluble form. Others [1], using standard chemical elution tech-
niques on DH skin, have been unable to detect decreases in the 
amounts of bound JgA or to detect lgA in the eluates. 
In a recent report [2) we described a method for preparing a 
t hin slice of papillary dermis from skin biopsies which provides 
considerable enrichment of t he IgA deposits and a minimized 
contamination by nonspecifically adsorbed serum proteins. The 
preparation is free from epidermis and thin enough to allow 
direct examination by immunofluorescence microscopy (IF). Its 
limited volume (less than 1 11! for a 4-mm punch biopsy) and 
high mechanical stability make it readily available for manip-
ulations such as radiolabeling, extractions, or treatment with 
proteolytic enzymes. 
In the same communication [2) we also reported that treat-
ment of papillary dermis with pepsin causes the IgA deposits, 
visualized by IF, to disappear with a concomitant appearance 
of IgA-like material in soluble form. 
In the present work advantage has been taken of these earlier 
findings. It has been possible to obtain some information on 
the IgA from DH skin by studying material solubilized by 
treatment of papillary dermis with sodium dodecyl sulfate 
(SDS) or pepsin. Evidence was found of the presence of IgA in 
papillary dermis in both monomeric and polymeric forms. A 
fraction of it appears to be irreversibly aggregated with itself 
or with other proteins. There were components released by 
peptic digestion of papillary dermis which behaved like divalent 
and monovalent proteolytic fragments of IgA and t hus with a 
potential antigen-binding capacity. These findings may be of 
value in future experimental efforts to find answers to major 
questions in DH research: to what in the skin, and how, is the 
deposited lgA bound, and what is its antigen? 
MATERIALS AND METHODS 
Chemicals and other Materials 
Carrier-free 1251, sodium salt, 17 Ci/ mg, 100 mCi/ ml (Cat. No. NEZ-
033A) was obtained from New England Nuclear, Dreieich, F.R.G. From 
Sigma Chemical Company, St. Louis, Missouri we obtained pepsin 
from porcine stomach mucosa (Cat. No. P 7012), goat antihuman lgA 
(Cat. No. I 9506), goat antirat lgG (Cat. No. R 2129), SDS, Triton X-
100, dithiothreitol (DTE), iodoacetamide (IAA), and gelati n (Cat. No. 
G 0510) . Rabbit antihuman lgA, specific for a -chains, was obtained 
from Pharmacia Fine Chemicals, Uppsala, Sweden. Rabbit anti rat 
serum proteins were obtained from Dakopatts, Copenhagen, Denmark. 
From Miles Laboratories, Slough, U.K., we obtained bovine serum 
albumin (fraction V). From Bio Rad, Richmond, Cali fo rnia, we ob-
ta ined chemicals for polyacrylamide electrophoresis (including molec-
ular weight standards), nitrocellulose membranes, cellophane mem-
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brane back ing, peroxidase substrate (4-ch loro-1-naphthol). Vectastain 
(biotinylated goat anti rabbit lgA, avidin, biotinylated horseradish per-
oxidase) was obtained from Vector Laboratories, Burlingame, Califor-
nia. Staphylococcus aureus, Cowan 1 strain, heat-killed and formalin -
fixed, was a generous gift from Dr. Tor Ny, Department of Applied 
Cell and Molecular Biology, University of Umea, Sweden. Purified 
monoclonal human lgA (mainly monomeric but with small amounts of 
dimers) from myeloma serum and human myeloma serum with poly-
meric, ma inly dimeric IgA (lgA concentration 107 g per liter, J-chain 
concentration 0.42 mol per mol lgA monomer) were kind gifts from Dr. 
Anders Grubb, Department of Clin ical Chemistry, Malmo Allmiinna 
Sjukhus, Malmo, Sweden. Polyclonal human lgG was purified by 
adsorption to staphylococcal protein A and desorption in a buffer with 
SDS under reducing conditions (see below). All other chemicals and 
reagents used were of analytical grade. 
Skin Biopsies 
Three to six 4-mm punch biopsies of clin ically normal skin were 
taken from the upper gluteal region under local anesthesia from pa-
tients with known DH or from healthy volunteers and immediately 
frozen on dry ice and stored at -70"C until analyzed. The biopsies were 
taken after informed consent was given and with the approval of the 
Eth ics Committee, Umea University Hospital. One biopsy from each 
DH patient was examined by IF to verify t he presence of granular 
deposits in the papi llary tips and basal membrane zone of IgA. Although 
biopsies from a large number of patients with DH have been examined 
using the methods reported in this study, the majority of the experi-
ments presented in this paper were performed on biopsies from 3 
patients (referred to as DH I- III). These patients have had their disease 
for 10 years or more. The clinical picture at the onset of the disease 
was in each case typical of DH; the diagnosis had in all cases been 
verified by histopathologic examination of lesional skin, findings of 
granular lgA-deposits in papi llary dermis of clinically normal skin, and 
immediate relief of the symptoms by dapsone. One patient (DH III) 
was treated with dapsone only, one (DH II) with dapsone in combina-
t ion with a gluten-free diet, and one (DH I) with sulfapyridine. These 
patients were judged by IF to have approximately equal amounts of 
granu lar lgA deposits in thei r papillary dermis. The healthy volunteers 
were recruited from among medical students and hospital staff. 
Preparation and Radioactive Labeling of Papillary Dermis 
Papillary dermis was prepared as recently described [2]. In brief, 
skin biopsies were incubated in phosphate-buffered saline, pH 7.5 
(PBS) contain ing 0.02 M ethylene diamine tetraacetic acid for 2 h at 
37"C. The biopsies were then frozen, epidermal side down, on a micro-
scope slide on dry ice, cut into thin slices with a scalpel, thawed, and 
separated into epidermal and dermal pieces with fine forceps under a 
dissection microscope. After extraction in 1 ml of PBS overnight at 
4 ·c to remove soluble plasma proteins, each preparation of papillary 
dermis, hereafte r ca lled PD, was placed in a 0.75-ml Eppendorf test 
tube conta ining 2 ~tl (= 0.2 mCi) carrier-free [125l]Na and 1 ~tl sodium 
phosphate pH 7.5 (PB), 0.25 M, and cooled on ice. After 15 min l~tl of 
chloramine-T, 10 mg per ml in 0.05 M PB was added, followed after 5 
min by 10 Ill of sodium metabisulfi te, 2.4 mg per ml in 0.05 M PB, and 
100 ~t l potassium iodide, 2 mg per ml in 0.05 M PB [3] . Unbound iodide 
was removed by placing the PD in a new test tube containing 100 ~tl 
0.05 M PB which was changed 3 times during a period of 1 h. The 
labeled PD was stored in the final washing buffer overnight at 4"C. 
SDS Extraction 
Labeled PD was placed in a 1.5-ml Eppendorf test tube with 100 ~tl 
0.05 M PB contain ing 10 mg SDS per ml and incubated at 37"C for 20 
h, then at 95"C for 2 min , and finally at room temperature for 1 h. The 
PD remnant was removed and dissolved in 100 ~tl 10 M NaOH for 
measurement of nonextractable radioactivity. The SDS extracts were 
stored at -20"C until further processed. 
Pepsin Digestion 
Labeled PDs were equilibrated for 15 min at room temperature in 
0.5 ml 0.1 M sodium acetate buffer pH 4.5 and then transferred to 1.5-
ml Eppendorf test tubes with 100 ~tl of the same buffer containing 
pepsin, 1 mg per ml, and 0.1% (w/v) NaN3. To make possible a 
concomitant immunochemical analysis of the products of peptic diges-
tion of lgA under these conditions, each tube also contained 300 ng of 
unlabeled, monoclonal human lgA. After 22 h at 37"C the PD remnants 
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were removed and dissolved as above. After the addition of 10 ~tl of 2 
M Tris-HCl pH 8.8 (raising the pH to approximately 8) the superna-
tants were stored at -20" until further analyzed. 
I mmunoprecipitation 
The following buffers were used: 
Immunoprecipitation buffer (IPB): 0.1 g of an acetone-ether powder 
of rat liver, 0.3 g SDS, and 1 mmol sodium phosphate pH 7.5 were 
dissolved during heating to 90-95"C in 50 ml of distilled water. Then 
0.1 g gelatin and 1.5 g Triton X -100 were added while the mixture was 
sti ll hot. After cooling to room temperature, 2.9 g NaCl, 0.5 g bovine 
serum albumin, 100 ~tl rat serum, and 100 mg NaN3 were dissolved, 
followed by centrifuging at 8000 g for 30 min. The volume was adjusted 
to 100 ml with distilled water and finally the solution was filtered 
through a 0.45-~tm Millex filter (Millipore Corp., Bedford, Massachu-
setts). 
Washing buffer 1: 0.01 M PB, 0.5 M NaCl, 0.5% (w/v) Triton X-100. 
Washing buffer 2: 0.01 M PB, 0.5 M NaCl, 0.5% (w/v) Triton 
X-100, 0.5% (w/v) SDS. 
Washing buffer 3: 0.01 M PB (4]. 
SDS-extracts: To each extract 1 ml IPB and 50 ~tl 10% (w/v) Triton 
X-100 [5] were added, followed by 1~tl of rabbit antirat serum proteins. 
After incubation at 4"C for 24 h, 100 ~tl of a 10% (v/v) suspension of 
heat-killed and formalin-fixed Staphylococcus aureus [6] equi librated 
in washing buffer 1 was added. The mixture was gently agitated at 
room temperature for 1 h and then centrifuged for 5 min at 1660 g. 
This immunoprecipitation with rat serum proteins was performed to 
remove radioactive proteins that might bind nonspecifically to the 
staphylococci or to antigen-antibody complexes. The amount of radio-
activity removed in this step was not measured. The supernatant was 
divided into 2 equal parts in new test tubes. To one ("normal serum") 
1~tl of normal rabbit serum and to the other ("anti-lgA") 1~tl of rabbit 
normal serum plus 1~tl of rabbit antihuman lgA were added. The tubes 
were incubated at 4"C for 48 hand then with 50 ~tl bacterial suspension 
as above. The bacteria were collected by centrifuging and were washed 
3 times with 1 ml each of washing buffers 1, 2, and 3, in order. Before 
the final centrifuging the contents of each tube were divided into 3 
equal parts in 0.75-ml test tubes. After measurement of radioactivity 
the pellets were stored at -20"C until further analyzed. 
Peptic supernatants: The procedure was as for SDS extracts with 
t he fo llowing exceptions: (1) Due to the absence of SDS in the super-
natants, no extra Triton X-100 was added. (2) To make possible 
subsequent analysis by Western blotting, all antisera and normal serum 
were from goats. (3) The final immunoprecipitates (bacterial pellets) 
were divided into 2 equal parts. 
SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and 
Autoradiography 
Electrophoresis in 1.5-mm slab gels of polyacrylamide in the presence 
of SDS was carried out in the buffer system described by Laemmli [7] 
in an LKB 2001 vertical electrophoresis unit (LKB-Sverige AB, 
Bromma, Sweden). The acrylamide:bisacrylamide ratio was 30:0.8. 
Total acrylamide concentration was 3% in the stacking gel, in the 
separation gel 4% or 10% or a gradient between 4 and 15% (see legends 
to figures for further details) . When gradient gels were prepared, the 
heavy solutions (highest concentration of acrylamide) and the stacking 
gels contained 15% (w/v) sucrose to stabilize the gradients. 
Immunoprecipitates in staphylococcal pellets were suspended and 
dissolved by heating to 95"C for 2 min in 0.06 M Tris-HCl pH 6.8 
containing 2.25% (w/v) SDS and 10% (v/v) glycerol (sample buffer). 
For reduced samples the volume was 100 ~tl and the buffer also con-
tained 0.05 M DTE. After cooling to room temperature the samples 
were alkylated by the addition of 25 pi 0.5 M iodoacetamide (IAA). For 
unreduced samples the volume was 125 ~tl and the sample buffer 
contained 0.01 M IAA. After centrifuging at 1660 g for 5 min, 25-75 ~tl 
were applied to each 4-mm slot. In one set of experiments two-
dimensional SDS-PAGE was carried out with unreduced samples in 
the first dimension and reduced samples in the second dimension. 
Details of this are given in the legend to Fig 2. 
After electrophoresis at 12 rnA per gel for 15 h the gels were either 
stained with Coomassie Blue, dried between sheets of cellophane mem-
brane backing, and subjected to auto radiography, or the separated 
proteins were transferred to nitrocellulose membranes by electropho-
retic blotting. Autoradiography was performed at -70"C with Kodak 
X-Omat AR film in x-ray cassettes with intensifying screens. Exposed 
films were developed and fixed with standard photo chemicals. 
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TABLE I. Radioactivity data for 125 I labeling 
Yields of Radioactivity in Radioactivity in: incorporated immunoprecipitate Patient radioactivity with: 
Supernatant Re mnant (%)" Normal serum Anti-lgA 
SDS extraction 
c r 45.2 X lOG (48)b 49.5 X 106 43 14.2 X 103 26.9 X 103 (0.06)' 
C II 46.6 X lOG (51) 44.2 X lOG 41 13.4 X 103 28.6 X 103 (0.06) 
C III 37.1 X 106 (59) 25.7 X 106 29 9.2 X 103 16.9 X 103 (0.05) 
DH I 45.2 X 106 (47) 51.0 X lOG 44 11.8 X 103 73.3 X 103 (0.16) 
DH II 44.8 X 106 (45) 55.6 X 106 46 10.1 X 10" 81.7 X 103 (0.18) 
DH III 45 .9 X 106 (66) 23.3 X 106 31 18.2 X 103 36.4 X 103 (0.08) 
Peptic digestion 
44.5 X 106 (79) 11.9 X 106 C I 26 3.7 X 103 4.2 X 103 (0.009) 
e n 52.6 X 106 (80) 13.5 X lOG 30 3.4 X 103 4.5 X 103 (0.009) 
C III 50.9 X 106 (79) 13.8 X lOG 29 3.4 X 103 4.5 X 103 (0.009) 
DHI 92.5 X lOG (70) 39.5 X 106 60 4.9 X 103 7.4 X 103 (0.008) 
DH II 68.1 X lOG (74) 23.9 X lOG 42 5.1 X 103 8.1 X 103 (0.02) 
DH III 49.5 X 106 (77) 15.2 X lOG 29 3.6 X 103 5.3 X 103 (0.01) 
• Calculated as (radioactivity in supernatant + remnant) / ( tota l amount of radioactivity added to iodination mixtures, i.e. , 2.2 x 108 cpm) x 
100. 
b Figures in parentheses give the amounts of radioactivity in supernatants as percentages of incorporated radioactivity .. 
' Figures in parent heses give amounts of radioactivity in immunoprecipitates with anti-IgA as percentages of total radioactivity in supernatants. 
SDS extraction, peptic digestion, and immunoprecipitation for the preparations of papillary dermis used in the experiments described in this 
paper. Radioactivity is given in cpm (1 11Ci::::: 1.1 X lOG cpm). Each value gives the total for each preparation. C = healthy cont rol person. DH = 
dermatitis herpetiformis. 
Electrophoretic (Western) Blotting 
Electrophoretic blotting was carried out according to Towbin et al 
[8] in a Trans- Blot cell (Bio Rad) for 5 h at 100 V (initial current 0.4 
A) with water cooling. The t ransfer buffer was 0.025 M Tris- 0.092 M 
glycine pH 8.3, 20% (v/v) methanol. After blotting, the protein binding 
sites of the nitrocellulose membrane were blocked with Tween 20 [9] 
which was also included in buffers for incubation with antibodies and 
washings. Transferred lgA- like components were detected by immuno-
staining with rabbi t anti-IgA diluted 1:50 as first antibody. Bound 
antibody was detected with Vectastain [10] according to the recom-
mendations of t he manufacturer with 4-chloro-l·napht hol [11] as per-
oxidase substrate. A strip of nitrocellulose membrane was stained with 
Coomassie Blue for detection of transfe rred reference proteins. 
Radioactivity was measured in an LKB Minigamma 1275 (LKB-
Sverige AB) with settings to give approximately 1.1 X lOG cpm per 11Ci 
of ' 251. 
Immunofluorescence Microscopy on freeze -cut sections of skin biop-
sies or pieces of PO afte r staining wi th !1uorescein isothiocyanate 
(FITC)-labeled sheep antihuman IgA was carried out as previously 
described [2]. 
RESULTS 
1251-labeled PDs were extracted with SDS or digested with 
pepsin at pH 4.5 . IgA- like material was isolated from t he 
supernatan ts by immunoprecipitation with rabbit or goat anti-
sera to human IgA. (Goat a ntiserum was used in experiments 
with pepsin to a llow subsequen t a nalysis by Western blotting 
and immunochemical detection of transferred componen ts, see 
below.) Radioactivity data for t hese experiments a re shown in 
Table I. 
Analysis of lmmunoprecipitates with SDS-PAGE 
SDS-extracts: Fig 1 shows the a n a lysis of immunoprecipi-
tates from SDS extracts of PDs by SDS-PAGE followed by 
autoradiography. lmmunoprecipitates with anti-lgA from DH-
PD (lanes D- I) a lways con ta ined s ignifican t amounts of radio-
active components which could be found only as traces, if at 
a ll, in controls (i.e., immunoprecipitates from DH-PD with 
normal serum, lanes K-M, a nd with anti-IgA from cont rol-PD, 
lanes N - P) . When prepared under nonreducing conditions IgA -
Iike material from DH-PD (Fig 1, la nes D- F) a lways con tained 
a compone nt wit h electrophoretic mobility similar to mono-
meric IgA . The major part of t his materia l, however, had 
signi ficant ly lower mobility; a considerable amount stayed on 
2001L. 
1161L. 
931L. 
45K_ 
31K_ 
22K- · 
A B C KLMNOP 
FIG 1. SDS-PAGE and autoradiography of immunoprecipitates 
wi t h rabbit antihuman lgA fro m SDS extracts of 1251-labeled PD 4-
15% gradient gel. Samples were prepared as described under Mate;ials 
and Methods. Lanes A-C stained with Coomassie Blue, lanes D-P 
autoradiogram, exposure t ime 2 days. Twenty-five microliters of sample 
(corresponding to !/30th of a PO) was applied to each of the slots D-
P. A = molecular weight standard. B = reduced and alkylated + 
nonreduced monomeric, monoclonal human lgA. C = reduced and 
alkylated polyclonal human IgG. D-F = DH-PD I- III , nonreduced· 
rabbit anti-IgA. G-I = DH-PD I- III, reduced and alkylated; rabbit 
anti-lgA. K-M = DH-PD I- III, reduced and alkylated; rabbit normal 
serum. N-P = control PD I- III , reduced and alkylated; rabbit anti-
lgA. Arrow indicates interphase between stacking and separation gels. 
top of t he 3%_ stacking gel. After reduction and a lkylation, 
co~ponents w1th e lectrophoretic mobilities similar to lgA a-
cham s and polyclonal light cha inst appeared in t he anti-lgA 
t Any J-chains present would have the same electrophoretic mobility 
as light chains in t his system [12] . 
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FIG 2. Two-dimensional SDS-PAGE and autoradiography of an 
immunoprecipitate with rabbit antihuman lgA from an SDS extract of 
12
"1-labeled DH-PD (no. II; same sample as lane E in Fig 1). First 
dimension (A- C): 3% stacking gel, 4% separation gel. Twenty-five 
microliters of sample (nonreduced) was applied to each of 2 slots. After 
electrophoresis a piece of the gel containing one of these was cut out 
and incubated for 4 h at 60' C in 25 ml 0.05 M DTE in sample buffer 
(no glycerol). The rest of the gel was stained, dried, and exposed for 2 
days. Second dimension: 3% stacking gel (no slots), 10% separation gel. 
The incubated gel slice was placed on top of the stacking gel and 
embedded in 1% agarose in sample buffer (no glycerol) containing 0.05 
M DTE. After electrophoresis the gel was stained, dried, and exposed 
for 15 days. A = unreduced DH-PD II (autoradiogram). B and C 
references, stained with Coomassie Blue: B = unreduced, mainly mon-
omeric monoclonal human IgA; C = unreduced human IgA myeloma 
serum with high content of J-chain (see "Chemicals and other Mate-
rials." In separate experiments it was shown by Western blotting that 
all bands in B and C except the material migrating with the front had 
a-chain immunoreactivity. The major band in B is monomeric lgA, 
bands in B and C with lower mobilities represent dimers and higher 
polymers of IgA). Sand F = start and front, respectively, of the first 
dimension . Hand L = heavy and light chain, respectively, of reduced 
and alkylated monomeric, monoclonal lgA (included in the second 
dimension). Arrows indicate interphase between stacking and separa-
tion gels. The straight lines connect corresponding points on the gels 
of the first and second dimensions, respectively. 
precipitated material from DH-PD (Fig 1, lanes G- l). These 
components did not, however, account for all radioactivity 
d~tected. There were still significant amounts of radioactive 
material both on top of t he stacking gel and spread over the 
upper part of the separation gel. In addition, there were some 
components with electrophoretic mobilities intermediate be-
tween a- and light chains. Prolonged treatment under deaggre-
gating conditions did not change this pattern. 
This IgA-like material was further analyzed by two-dimen-
sional SDS-PAGE; results are shown in Fig 2. Components 
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with electrophoretic mobilities similar to a -chains were re-
leased upon reduction from what might be monomeric IgA as 
well as from material with molecular weights similar to or 
larger than dimeric IgA. Indeed small amounts of an a -chain-
like component appeared to be released also from material that 
stayed on top of the stacking gel before reduction. As might be 
expected from the results shown in Fig 1, considerable amounts 
of radioactive material stayed on top of the 10% separation gel 
in the second dimension. (Light chains could not be detected, 
probably because the amounts present were too small. Compare 
with Fig 1, lanes, G- I.) 
The lgA-like material from DH-PDs was subjected to repre-
cipitation with anti-lgA. Radioactivity data for this experiment 
are shown in Table II. Forty to sixty percent of the total 
radioactivity was recovered in the immunoprecipitates, the 
values being higher for samples that had not been reduced and 
alkylated before the second immunoprecipitation. The repre-
cipitated material was analyzed by gradient SDS-PAGE as 
above; the results are shown in Fig 3. When these resu lts were 
compared with the results shown in Fig 1, the only difference 
that could be found was an apparent disappearance of compo-
nents with electrophoretic mobilities similar to polyclonallight 
chains from samples that had been reduced and alkylated before 
the second immunoprecipitation (Fig 3, lanes 1-L). 
Supernatants after peptic digestion of PD at pH 4.5: Fig 4 
shows SDS-PAGE and autoradiography of immunoprecipitates 
from supernatants after peptic digestion at pH 4.5 of PDs. In 
immunoprecipitates with goat antihuman lgA from DH-PD 
(lanes B- G) significantly larger amounts of components mi-
grated into the separation gel than in controls (i.e., immuno-
precipitates from DH-PD with normal goat serum, lanes H- K, 
or from control-PD with anti -lgA, lanes L- N). The amounts 
of material that did not migrate into the stacking gel or stayed 
at the interphase between stacking and separation gels did not 
vary significantly among different samples. In the unreduced 
anti-lgA precipitates from digests of DH-PD (Fig 4, lanes B-
D) there were 3 major components with M, = 140,000, 70,000, 
and 52,000, respectively. After reduction and alkylation com-
ponents appeared with the same electrophoretic mobilities as 
polyclonal light chains and one major component with M, = 
33,000 (Fig 4, lanes E-G) . There were also small amounts of 
material with an electrophoretic mobility similar to or slightly 
higher than monoclonal a-chains. When the exposure time for 
the autoradiogram was halved, the 33,000 component of the 
immunoprecipitates from the DH-PD with the lowest radioac-
tivity (DH-PD III, Fig 4, lane E 1) still stained significantly 
more than any component from the different controls after full 
exposure time. 
It was found desirable to examine whether all the radioactive 
components released by pepsin and precipitated by anti-IgA 
could be accounted for by degradation products of lgA. Since 
the amounts of lgA-like material released from each DH-PD 
were too small to allow such an analysis, nonlabeled monoclonal 
lgA was included in each reaction mixtu re with PD and pepsin. 
Fig 5 shows the results of an experiment where unreduced and 
reduced immunoprecipitates from one DH-PD and one control-
PD were first separated by SDS-PAGE on a 10% gel, then 
electrophoretically transferred to a nitrocellulose membrane by 
Western blotting, and subsequently stained specifically for IgA-
a chains (Fig 5a). An autoradiogram of the dried gel after 
blotting is also shown (Fig 5b). Except for the radioactive 
components with electrophoretic mobilities similar to poly-
clonal light chains, a component with a corresponding electro-
phoretic mobility and with a-chain-like immunoreactivity 
could be detected on the Western blot for each of the major 
radioactive components from DH-PD before as well as after 
reduction and alkylation. (In addition components containing 
a-chain were found corresponding to undigested IgA and a 
component which, after reduction, had an electrophoretic mo-
bility slightly higher t han a-chains.) 
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TABLE II. Reprecipitation with rabbit antihuman lgA of IgA -like material isola ted from S DS extracts of DH-PD by immunoprecipitation 
First immunoprecipitate 
from DH -PD (no.) 
Treatment of first 
immunoprecipitate 
Percent of total radioactivity of first 
immunoprecipitate recovered in second 
immunoprecipitate 
SDS + IAA 
SDS + IAA 
SDS + IAA 
Anti-lgA Norma l serum 
< 1 
< 1 
< 1 
I 
II 
III 
I 
II 
III 
SDS + DTE + IAA 
SDS + DTE + IAA 
SDS + DTE + IAA 
66 
58 
48 
44 
46 
40 
The first immunoprecipi tates were t he same as t hose analyzed in lanes D- I in Fig 1. Twenty- five microliters of each sample, prepared as fo r 
SDS-PAGE, was mixed with 0.5 ml of immunoprecipi tation buffer (IPB) with 0.01 M iodoacetamide (IAA) and 1 11l of rabbit antihuman lgA or 
rabbit normal serum and incubated for 48 h at 4 ·c. Ant igen- antibody complexes were isolated as described under Materials and Methods and 
washed once with 0.5 ml of washing buffer 3. Duplicate experiments were carried out with each sample. These reprecipi tates were further 
analyzed by SDS-PAGE (see Fig 3). 
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FIG 3. SDS-PAGE and autoradiography of mate rial obta ined by 
reprecipi tation with rabbit antihuman lgA of 80 S-dissolved IgA-like 
mate rial isolated from SDS ext racts of 1251-labeled DH -PD by immu-
noprecipi tat ion wi th ant i-IgA, 4- 15% gradient ge l. The experiment is 
described in the legend to T able II. The bacterial pellets were ext racted 
and the sa mples prepared for electrophoresis as in Fig 1. Seventy- five 
microlite rs (corresponding to l /50 th of a PD) was applied to each slot . 
A = reduced and alkylated polyclonal human lgG. 8 = unreduced + 
reduced and alkylated monoclonal monomeric human IgA (A and 8 
stained with Coomassie Blue). C- E = DH-PD I- III, unreduced before 
t he second immunoprecipitation, unreduced before electrophoresis. F-
H = DH-PD 1- ITJ unreduced before the second immunoprecipi tation, 
reduced and alkylated before electrophoresis. 1- L = DH-PD I- III , 
reduced and alkylated before t he second immunoprecipitation and 
before electrophoresis. C-L autoradiogram, exposed 4 days. A rrow 
indicates in te rphase between stacking and separation gels. 
Examination of DH-PD After Treatment with Pepsin by IF 
Fig 6 shows t he IF staining patte rn with FITC-ant i-IgA of a 
DH-PD a fter incubat io n with pepsin at pH 4.5, 37"C for 22 h 
(Fig 6b) , or in buffe r only under the same co ndi t ions (Fig 6a). 
In t he pepsin-treated PD t here was s ignifican t ly less fluores-
cence . At t hi s pH, however, flu o resce nce specific for IgA did 
not totally disappear. 
DISCUSSION 
Some differences in t he t otal a mounts o f incorporated radio-
activity migh t be expected due to va ri a tions in t hickness be-
twee n va rious prepa rations of papillary dermis . From t he com -
bined a na lysis o f the data shown in Table I and t he results of 
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FIG 4. SDS-PAGE and autoradiography of immunoprecipi tates 
wi th goat ant ihuman IgA from peptic digests of 1251-labeled PD (mixed 
wi th unlabeled IgA, see text and Fig 5). Ten percent separation gel. 
Samples were prepared as described under Materials and Methods. 
Lanes A , 0, and P stained with Coomassie Blue, lanes B-N and E 1 
autoradiograms; 8 -N exposed 4 days, E 1 exposed 2 days. Fifty micro-
liters of sample (corresponding to 1/ 10th of a PD) was applied to eac h 
slot. A = reduced and alkylated polyclonal human IgG. 8 - D = DH-PD 
lll, I, II ; unreduced, goat ant i-IgA. E- G = DH-PD III, I , II ; reduced 
and alkylated, goat anti -IgA. H- K = DH-PD Ill , I, II; reduced and 
alkylated, goat normal serum. lr-N = cont rol-PD I - III; reduced and 
alkylated, goat ant i-IgA. 0 = molecular weight standard. P = reduced 
and alkylated monoclonal human IgA. E1 = same as E but exposure 
time halved. A rrow indicates interphase between stacking and separa-
tion gels. 
t he analysis of immunoprecipitates by SD S -PAGE a nd a uto-
radiography, it is clear t hat t he di fferences found between a nti -
IgA precipitates from DH-P D a nd cont rol-PD ca nnot be ex-
plained by djfferences in t he total incorporatio n of ra dioactiv-
ity. Thus it is concluded t hat t he IgA-like ma teri a l studied in 
t his work is represent a t ive o f t he granular deposits o f IgA in 
the papilla ry de rmis o f patie n ts wit h D H. 
The a nalysis of t he ant i-IgA immunoprecip itat es from SDS 
ext racts of DH-PD provides strong evidence t h at t here a re 
differen t m olecular species of IgA deposited in papilla ry dermis 
in DH. In addi t ion to IgA- like materia l wi t h e lectropho retic 
mobili ty in SD S-PAGE s imila r to m ono meric IgA t here was 
IgA-like materia l wit h e lectrophoretic m obili t ies s imila r to 
dime rs a nd higher poly mers o f lgA. Ev idence of t he p resence 
in DH papilla ry dermis of dimeric IgA was presented earlie r 
[13]. 
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FIG 5. SDS-PAGE, Western blot and autoradiography of immuno-
precipitates with goat antihuman lgA from peptic digests of 1251-labeled 
PD. Each PO was mixed with 300 ng of unlabeled monoclonal mono-
meric human lgA during digestion. Ten percent separation ge l. After 
electrophoresis Weste rn blotting was performed for 5 h, initial current 
0.4 A. Afler blotti ng, the nitrocellulose membrane was stained with 
Coomassie Blue or with rabbit antihuman lgA and Vectastain (see 
Mate rials and Methods). The blotted gel was sta ined, dried, and exposed 
for 15 days. Samples were prepared as in Fig 4. a, Western blot. A-C 
stained with Coomassie Blue. A = molecular weight standard; B = 
unreduced monoclonal, monomeric human lgA, 3.75 J.Lg; C = reduced 
and alkylated monoclonal monomeric human IgA, 3.75 J.L g. D- 1 stained 
with rabbit antihuman lgA (specific fo r a-chains) and Vectastain. D = 
lgA as in B, 7.5 ng. E = IgA as inC, 7.5 ng. F- G = control-PD I, 50 Ill; 
F = reduced and alkylated, G = unreduced. H- I= DH-PD 11, 50 J.Ll; H 
= reduced and alkylated. I= unreduced. S = start of separation gel, f 
= front. Arrows 1- 4 indicate points corresponding to relative mobilities 
0. 11, 0.27, 0.37, and 0.57, respectively. b, SDS-PAGE and autoradi-
ogram. A = molecular weight standard. B = DH-PD II, reduced and 
alkylated [same as lane H in (a) ] . C = DH-PD II, unreduced [same as 
lane I in (a)J. S,f, and arrows 1-4 as in (a). 
A major problem in the interpretation of t he present results 
is how to consider t he material in anti-IgA precipitates from 
SDS extracts of DH-PD that does not behave like IgA but to a 
large extent retains its apparently high molecular weight after 
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FIG 6. Immunofluorescence microscopy; stain = FITC-antihuman 
IgA. A preparation of DB-papillary dermis (not the same as was used 
in the other experiments) was divided into 2 pieces, a and b. a was 
incubated for 22 h at 37"C in 100 Ill of 0.1 M sodium acetate pH 4.5, 
0.1 % (w/v) NaN,.. b was incubated as a but the buffer also contained 
pepsin 1 rng per mi. Before staining the pH was raised to 8 by the 
addition of Tris buffer. Bars = 25 J.Lffi. 
reduction and a lkylation. It is of course difficult to entirely rule 
out t he possibility t hat it consists of nonspecific contaminants 
only. But t he results from the reprecipitation expe riment pre-
sented in Table II and Fig 3 do suggest that at least part of this 
high- molecular -weight materia l has IgA-Jike antibody binding 
proper ties. In this experiment samples of ant i-IgA precipitates 
fro m SDS extracts were prepared in exactly the same way as 
for the SDS-PAGE shown in Fig 1 before they were mixed wit h 
a relatively large volume of immunoprecipitation buffer and 
t he rabbit anti-lgA (i.e ., the same system with its high content 
of unlabeled, partially SDS-denatured nonhuman proteins, de-
tergent, and NaCI as was used in t he first immunoprec ipita -
tion). From Fig 1 it can be concluded t hat in reduced and 
a lkylated samples (Fig 1, lanes G- I) t he presumed a-chains, 
the presumed light chai ns, and the material on top of the 
stacking gel a ll behaved like separate molecules or molecular 
aggregates, not interacting with each other in t he SDS-PAGE 
buffer system . As expected, the light chains were removed when 
samples that had been reduced and a lkylated (Fig 3, lanes I-L) 
were submitted to a second immunoprecipitat ion with ant i-
lgA, specific for a-c hains. But all the other components, found 
in reduced and alkylated samples after t he first immunopreci-
pitation, coprecipitated with the presumed a-chains in appar-
ent ly unchanged ratios and with a relatively high total yield of 
radioactivity (Table II). It is difficult to envisage how t his could 
be possible if the various components were not specifically 
interacting with the ant i-IgA. Thus t he possibili ty cannot be 
excluded that a fraction of the lgA in the granular deposits in 
the papillary dermis of DH patients is present as irreversible 
aggregates (with itself or with other proteins) stabilized by 
bonds other t han S-S bonds. 
Peptic digestion of human IgA at pH above 4 leads to 
hydrolysis of t he Fe part to small peptides. The end products 
are divalent [F(ab'h,J as well as monovalent (Fab'.,) fragments 
[14-16]. We have reported earlier that treatment of DH-PD 
with pepsin at pH 2.5 caused a total disappearance of the lgA 
deposits detectable by IF [2]. In subsequent work it has been 
found t hat the effect of pepsin on this IgA can be demonstrated 
at pH 4.5 or lower.t In spite of the fact t hat total disappearance 
of the lgA could not be obtained at pH 4.5 (Fig 6), this pH was 
chosen in the present work in order to minimize further deg-
radation of the released IgA fragments at the high concentra-
tion of pepsin that had to be used. 
:j: T. Egelrud, to be published. 
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The products of peptic digestion of the combined non labeled 
monomeric IgA and 1 ~5 1-labeled PD were isolated by immuno-
precipitation with goat anti -IgA and analyzed by SDS-PAGE, 
autoradiograp hy, and Western blotting; fragments conta ining 
a-c hain were detected with rabbit anti-IgA. The results shown 
in Figs 4 a nd 5 strongly suggest t hat the nonlabeled IgA was 
hydrolyzed to one major lgA-F(ab) 2 fragment with M, = 140,000 
and two minor IgA-Fab fragments with M , = 70,000 and 52,000 
with a co ncomitan t re lease of 1251-labeled IgA-Iike fragments of 
s imilar s ize and thus wi t h a potentia l antigen -binding cap acity. 
In keeping with th is interpretation the components with M, = 
33,000 t hat appeared after reduction had properties expected 
for the a -chain parts of t he F(ab)2 and Fab fragments. 
The low yields of radioactivity in immunoprecipitates of IgA-
like mate rial from DH-PD treated with pepsin as compa red to 
the corresponding values for SDS extraction may have been 
the resul t of severa l different factors: (1) The release of lgA 
from DH-PD was not total. (2) Released IgA-fragments may to 
some extent have been hydrolyzed to small fragments wh ich 
were not precipitated by t he an t ibody. (Th is s hould be t rue at 
least for the Fe parts of the IgA molecules. Another possibili ty 
is t hat the goat antibodies may be less effective in the precipi-
tation reactions . In control experiments, however , t he antigen-
binding capacity of the used goat antiserum appea red not to be 
limiting.) (3) In the immunoprecipi tates from SDS extracts the 
IgA molecules may have bee n aggregated to other proteins (see 
above). In this context it should be remembered that the 
different molecul a r species of lgA present in DH-PD may have 
different resistances to pepsin [15,16). 
Depending on how t he IgA is bound to skin components 
different mechanisms by which it is released by peptic digestion 
can be hypothes ized. If the IgA is bound via its antigen-binding 
site to a skin antigen, solubilization would depend on the release 
of the an t igen as well, s ince ant igen- antibody complexes are 
usually stable at pH 4.5. If, on the other hand, the IgA is bound 
via its Fe part, hydrolysis of this part of the molecule would be 
sufficien t to cause re lease. If the lgA is released in complex 
with its antigen, this should be coprecipitated with the l gA-
fragments during immunoprecipitation . The analysis of t he 
immunoprecipitates provided no ev idence of t he presence of 
such an antigen which, if it ex ists, may have been digested into 
too sma ll fragments or it may be present in amounts too small 
to be detected. An a lternative explanation is that t he IgA may 
be bound to a skin antigen by on ly a few of its antigen -binding 
sites, the IgA fragments released by pepsin being only those 
which have not interacted with ant igen. 
We would like to thank Miss Astrid Lundgren for her skillful 
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